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Abstract 
These works are dedicated to the development of solar power installations integrated into the dome structure of a 
noospheric building and the central part of building that can supply electric power, heating and lighting. 
Noospheric buildings is as a perspective design concept for well-balanced and comfortable life in terms of energy 
efficiency, environmental safety, economics, bioenergetics and ergonomics. The Specific design features of such 
buildings provide large opportunities for implementing solar energy based power systems that make it possible to 
integrate solar power installations into the building structure providing an extensive variety of solar energy usage 
options. With this approach a high level of solar systems efficiency can be achieved. 
Noospheric buildings are dome-shaped, with the cladding in form of half-ellipsoid (egg) cut along the smaller 
symmetry axis plane, and this plane forms the building basement. The interior configuration of a building like this 
ensures the most energy-saving distribution of energy flows incoming from the power system of building and 
therefore substantially lower energy-carrier consumption rate for heating and lighting.  
Solar energy installations on the basis of toroidal solar concentrators and others have been described with the help of 
figures, diagrams and drawings.   
 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ISES 
 
Keywords: Solar  installations, noospheric building, BIPV, energy efficiency, toroidal concentrators   
1. Introduction 
High efficiency and competitiveness of solar plants can be achieved not only by manufacturing 
equipment development and plant output parameters enhancement but also by the reduction of installed 
power needed to satisfy the same demand owing to the power consumption and losses minimization [1]. 
The shape of building, as an energy provision unit, in an essential way affects the energy consumption i. 
e. the required solar system capacity. 
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Building shape parameters and, as a result, its structure characteristics that define the energy provision 
associated assets are the following: Bulleted lists may be included and should look like this: 
x Heat losses of building structures. 
x Area of surfaces exposed to the environmental factors. 
x Light distribution characteristics. 
x Capability to receive and accumulate energy. 
x Energy flow distribution uniformity to ensure more uniform temperature distribution profile. 
The aim of this work was to investigate the possibility of reducing the demand for power produced by 
solar energy system owing to the optimal building design and to develop various solar plant engineering 
options for noospheric buildings. 
Minimal energy losses, as well as minimal energy demand, are special to volumes that have the shape of 
full-sphere or paraboloid, i. e. for noospheric buildings. Such shapes are most of all in conformity with modern 
theories linked to the management human life components related to fields and energy issues and with the 
energy-information doctrine [2]. At the same time, they are the best in terms of comfort and energy efficiency. 
2.  Energy features of noospheric buildings 
Noospheric building shape (that of dome or paraboloid) is the optimal in terms of solar system (energy 
supply system of building) output minimization regarding the form of buildings as the optimization parameter. 
The works were performed for noospheric buildings by Grebnev taking into account that their interior 
and exterior design solutions are very close to spherical ones and make it possible to implement 
efficiently the integration of solar plants into them [3]. Regard was also taken to the fact that these 
building structures were designed for general use. Noospheric buildings are dome-shaped, with the 
cladding in form of half-ellipsoid (egg) cut along the smaller symmetry axis plane, and this plane forms 
the building basement, Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Noospheric buildings 
The spherical building form provides the maximal energy saving. The surface area exposed to the 
environmental factors affects the energy efficiency of the energy provision system to a greater extent than 
the wall thickness or quality of joints sealing. The lower is the aggregate inner surface (that of walls and 
roof) the lower is the energy consumption of microclimate control inside the building. Sphere possesses 
the biggest volume having the least surface area at the same time. The outer surface area of noospheric 
buildings is smaller than that of parallelepiped having the same volume by nearly one forth. The building 
basement heat dissipation mainly depends not on the area but on the perimeter length. Noospheric 
buildings dissipate less heat through the basement owing to the lower value of the ratio of the perimeter 
length to the basement area than that of rectangle-shaped ones.  
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Owing to their shape the distribution of flows inside noospheric buildings is uniform, without 
significant tension zones and pathogenic abnormalities, unlike buildings having quoins, especially those 
close to 90 degrees. These buildings are made practically joint-free, which also contributes to the heat 
losses reduction and heating-related expenditures saving.  
The efficient air exchange inside buildings makes the operation of heating, ventilation and air 
conditioning systems more affective insuring power consumption reduction by 30% to 40%. Thanks to 
the absence of quoins, where normally the air stagnates, premises are easily ventilated. The building’s 
curved surface sustains natural air circulation in premises. Owing to the aerodynamic effect, air flows 
slide along the outer surface of the building with lower resistance which helps to eliminate draughts. For 
comparison, a rectangular building is a barrier for wind flows producing a strong overpressure on the 
front plain of the building and an overpressure on its opposite side crating ideal conditions for draughts 
that suck out warm air which is substituted by cold air from outside. 
These buildings have high natural lighting characteristics since their shape is optimal in terms of 
radiation distribution while rectangular shapes absorb light. In many cases, it is lighter inside noospheric 
buildings than outdoors even without artificial lighting. This makes it possible to reduce the lighting-
dedicated power demand. The acoustic advantages include uniform sound distribution, acoustic resonance 
suppression and noise from outdoors level reduction by 30%. 
In total, noospheric building concept provides a 50% to 55% reduction of costs related to climate 
control and up to 35% in power consumption. 
Buildings of standard design are 4m to 15m in diameter. Larger projects may implement buildings of 
even 100m in diameter but it will require different composition design solutions. Fig. 1 and 2 show 
project designs that we selected for various solar plant options implementation. The spheres have 
diameter of 5m, 7m and 9m. А light-transparent dome of 2.1m, 3.4m or 4.0m in diameter is located in the 
upper part of the sphere. The dome is coated with sheets of monolithic polycarbonate of triplex and has a 
ventilation channel. The living floor space of one sphere is 60m2 to 100m2. The total soil-bearing loads 
from a house with ring basement is 7g/cm2 to 10g/cm2 for standard wall filling technologies, herewith 
buildings have high structural strength. 
 
 
 
 
 
 
 
 
 
  
 
Fig. 2. Cross-sections 
Noospheric buildings are light and firm and it is expedient to build them in earthquake regions and in 
remote areas, mountain areas, geological bases and in housing settlements in the North.  
This concept has been recently worked out, design projects have been engineered and design and 
technological works have been done. The technology under development has been tested and fitted in 
building site conditions. The objectives set theoretically have been successfully achieved in practice. 
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3. Solar installations structure design 
The investigations were performed mainly on BIPV and similar heating systems. The main idea was to 
use a part of light-transparent dome for radiation reception while its central part serves for energy 
transmission and distribution, the floor of the first storey and the space under the building is used for 
energy conversion and storage. 
3.1. System components 
Solar systems were designed on the basis of toroidal concentrator and lightguides and include a 
parabolic concentrator. 
3.1.1. Concentrator 
The principal receiving part of the system is a toroidal concentrator that is mounted on the light-
transparent dome and blends in with the generic building architecture concept. The operation of the 
receiving part of the system was engineered by base model studies [4, 5]. The base model (see Fig. 3) is a 
semi-torus obtained by cutting full torus along the symmetry plane. The semi-circles of the concentrator 
cross-section are the generatrices of the surfaces. The radiation receiver (RR) is mounted in the 
midsection, and the RR symmetry point coincide with that of the concentrator. 
 
 
 
 
 
 
 
 
 
. 
 
 
  
                             (a)                                                                            (b)   
Fig. 3. (a) base model of receiver part; (b) toroid concentrators – solid and facet types. 1 – toroid concentrator; 2 – midsection ; 3 – 
RR; 4 – RR back surface; 5 – RR front surface 
Solar radiation falls onto the toroidal concentrator specular surface and after having been reflected 
once or many times attains the RR back operating surface. At the same time, its front operating surface is 
illuminated. The geometrical concentration ratio K for circle-shaped and square RRs is equal, 
respectively:   
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where d1 is radiation receiver diameter; d2 is concentrator diameter. 
Theoretically, d1/2 = r and d2= 2d1. In real structures d1/2 = r + a, where a is the technological 
coefficient, that is d1/2 = r a = 0 . For each design a → min and, in general, it is dependent on the RR 
dimensions and on the mounting mode. Specular concentrators of large dimensions can be manufactured 
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from glass or metallic reflecting facets (see Fig. 3b). The values of output parameters for systems with 
solid and facet concentrators differ as 1 to 0.952. 
The receiver operating characteristics were calculated from the base model test results in natural solar 
radiation conditions using simulation in 3D Max, MATLAB-Simulink. The output capacity dependence 
on the generated voltage for the base model with RR having bifacial planar silicon cells is shown in Fig. 
4а. The efficiency of the RR front operating surface is 16.3%. Fig. 4b shows the total energy distribution. 
The maximum concentration spot moves during day hours since the incident radiation direction changes. 
 
 
 
 
 
 
 
 
 
 
 
 
                                          
                                 (a)                                                  (b)                           (c) 
Fig. 4. (a) dependence of base model capacity on generated voltage (STC); (b) total energy distribution for 90º, concentration ratio: 
1-10, 2-8, 3-3, 4-2, 5-1.5, 6-1, losses: 5-9%, 6-3%, 7-2%, 8-1.5%, 9-1%, 10-0.5%; (c) total energy distribution for 60º, concentration 
ratio as in item b; losses: 6-10%, 7-8%, 8-3 %, 9-1.5%, 10-0.5%. I – concentrator; II – RR 
Generally, RR in form of circumscribed square yields parameter values higher by 1.18% to 2.1%. Due 
to the technological specificity, filling up a circle-shaped RR is either more labor-consuming, since it 
requires a complicated commutation circuit, or less compact than that of square-shaped one which also 
affects the output characteristics. Circle-shaped RRs mounted in concentrators yield higher concentration 
ratios and may be more preferable in systems with lightguides depending on the lightguide end form and 
interior design solution requirements. 
Paraboloid concentrator can be calculated using the method described in [6]. 
3.1.2. Limitations for solar plants receiver part parameters definition  
x Concentrator dimensions are determined by the permissible depth  h1  that it can take in the building 
interior (Fig. 5а; all diagrams of this item were designed for the base model structure). 
x A sufficient part of dome shall remain light-transparent to provide the lighting for the building space 
located under the dome. All around the dome edge, a free glass surface belt sufficient for building’s 
inner room lighting remains between the concentrator and dome end  l. Besides this, premises are 
illuminated through the windows in the wall (optional). That is, a necessary natural illumination level 
is ensured (Fig. 5а).  
Maximal  irradiation input on the RR for truncated  concentrator height h2 = h = r (Fig. 5b). The smaller is 
h2 the more beams are “lost“. Otherwise, the concentrator surface shall be curved to make the distance from 
a point on the RR perimeter to any point on the concentrator surface not more than r – a (r) in any 
concentrator cross-sectional plain: ݀ଶ ൌ Ͷ݄ห௛ୀ௥Ǣ ݀ଶ ൌ ʹሺܪୢ െ ݄ଶሻߚ , where ߚ is the angle between a 
γ 
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Fig. 5. Receiver part limitation diagrams 
direct line from the dome pole to a point on the concentrator flat end and midsection; h is concentrator 
height; Hd is noospheric building dome height . Value h2 shall not be less than that of h2min corresponding to 
the dome dimensions. 
x Maximal radiation input for d1 – 2a = 1/2d2 . The lower is d1 for the same d2 value the more beams are 
“lost“.  For a three-dimensional rotational surface, which is the case of toroidal concentrator, spatial 
analysis of beam paths or that in the two plains: midsection plane and concentrator cross-section plane, 
perpendicular to the former (Fig. 5с), is made. In this case the analysis for only one plane 
perpendicular to the midsection is associated with substantial result error. 
x Limitations for concentrator tilt angles (Fig. 5d-f). If  d2  decreases with the concentrator tilt (Fig. 5d) 
placing the receiver part in the extreme position (fell tilt position , concentrator tilt angle α ≤ αmax) shall 
not result in a significant yield reduction. 
With the increasing tilt the concentrator center displacement related to the building’s axis takes place 
(Fig. 5f). Value of l2 decreases for one edge of the transparent non-shaded part of the dome used for 
natural lighting. This value shall not be less than the lowest permissible value for the premises located 
downstairs l2≤ lmin. 
Therefore, the design limitations are the following: 
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where Dc is dome diameter; l is distance between concentrator and dome end; H2 is second storey height; 
P is capacity of solar installation. 
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3.1.3. Radiation receiver and lightguide 
Silicon planar singe- or bifacial PV modules, modules composed of silicon multijunction PV cells [7, 
8] and solar heat collectors are used as RRs. PV modules can be mounted on the front surface of 
secondary concentrators whose opposite side is spectacular.  
 Hollow tubular shells with total internal reflection and optic fiber bunches are used as lightguides. The 
input lightguide diameter is 0.12m to 0.25m taking the lower standard range limit of "relative length" and 
structural integrity into account. If the plant is only lighting-dedicated hollow slotted lightguides are used. 
The "relative length" is 32.6, 27.4, and 17.4 for buildings with the base diameter 9m, 7m, and 4m, 
respectively. In case of lighting an light transmission systems coaxial lightguides are used. 
3.2. Installations 
Fig. 6 shows the diagrams for the two principal plant design solutions. The third solution is a 
combination of solution 1 and solution 2: the concentrator is mounted in the dome; the receivers are 
mounted in the dome and inside the building and are connected through a lightguide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Diagrams of principal solar installation design solutions 
Except the base solution, plant component designs for dome installation shown in Fig. 7 have been 
engineered. Fig. 8 shows the main drawings for the principal solution 2, lightguide options and those of 
radiation receiver location. 
 
 
 
 
 
 
 
Fig. 7. Installation components for dome installation design options 
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Fig. 8. Light guide options and receiver location options 
In principal solution 2, solar radiation falling upon the concentrator is collected and transmitted to the 
RR located outside dome or/and illuminates the premises. In project design solutions shown in Fig. 8 RR 
is located in the central part on the level (or beneath the level) of the first storey floor. In Fig. 8е it is also 
shown on the second storey level. The function of thermal RR can be implemented using a storage tank. 
In case of RR and lightguide upper mounting, the lightguide acquires radiation that has not been absorbed 
by the RR. Still further advantages of RR installation on the premises floor are much easier mounting, 
shorter internal transmission cables and therefore, reduction of energy losses in them. The lightguide may 
be used for premises heating, at the same time. 
If in principle solution 2 there is no RR the installation operates to provide lighting only (Fig. 8а). 
Radiation is focused on the central area where concentration ratio К=10 and enters the hollow lightguide 
that illuminates premises of the first and second storey. In this case the lightguide length may reach 16m, 
and the lightguide can be mounted in any position including horizontal one.  
The inner part of the concentrator structure may constitute an obstacle for energy flows distribution 
therefore controlled smoothing has been proposed as an interior detail (Fig. 8f). Use of the central “staff” 
as a part of power plant makes it possible to reproduce the noospheric shape of the building in that of 
each premise. 
The concentrator can be equipped with a tracking system that changes the receiver plane tilt. Since the 
concentrator is mounted on a rigid stationary dome structure to implement a tracker system is not 
difficult, and the reliability of such system is rather high. The limitations are the aesthetic and 
architectural requirements, and also smaller concentrator dimensions and, consequently, the output 
reduction with the maximal tilt increasing (see item 3.1.2).  
Light guide 
RR RR 1 RR 2 
 
Dome 
•
•
• • ••
(a) (b) (c) 
RR 1 
RR 2 
RR 
•
••
(d) (e) (f) 
1896   Olga V. Shepovalova and Dmitry A. Durnev /  Energy Procedia  57 ( 2014 )  1888– 1897 
3.3. Full configurations 
Various full configuration options are presented in Fig. 9. Figures 9а, b show the full configuration 
including one of variants shown in Figures 8а-f and gravel storage as a passive component. Solar system 
presented in Figure 9c comprises integrated active (items 3.1 and 3.2) and passive components including 
gravel storage installed under the floor and extended outside the building outline with a storage tank in its 
center. During warm period, ventilation system delivers hot air to the gravel storage that heats the first 
storey floor during cold period. Ventilation system design insures air flows management and heat 
distribution very special to hollow paraboloid (spheroid) and covers the minimum (thermal) energy 
demand. Temperature in them is distributed evenly all around the building space without shard 
temperature drop. In this case, the entire floor surface operates as a heater. For winter heating it is 
sufficient to have warm floors at the first-storey level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Solar installation full configurations 
General design parameters for solar installations corresponding to standard dimensions of Grebnev 
noospheric buildings are presented in Table 1. 
Table 1. General design parameters for solar installations 
Building 
basement inner 
diameter (m) 
Building 
internal 
volume (m3)  
Dd  (m2) Hd (m) d2 (b) (m) a  (mm) h, max 
(m) 
h1  (m) h2, min 
(m) 
l, min (m) L (m) HGS (m) 
4.0  34   2,1 0,7 1,43 10÷100 0,36 0,7 0,52 0÷0,35 0,8÷1,2 0,6÷1,0 
7.0  184.6   3,4      0,8 2,05 10÷100 0,62 0,1 0.6 0,35÷0,50 0,8÷1,2 0,6÷1,0 
9.0  343.6   4 1,0 2,7 10÷100 0,85 0,2 0,75 0,50÷0,72 0,8÷1,2 0,6÷1,0 
Solar systems can be extended by non-integrated standard design PV modules and collectors mounted 
on the external building elements. Such components shall be arranged so that their rectangular shape does 
not contrast significantly against the curved wall surfaces. In combination with components of standard 
design, PV modules and collectors mounted on the external structure elements the full configuration 
makes it possible to insure power independence of noospheric buildings in rather tough climates in 
conditions of low irradiation. 
(a) (b) (c) 
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4. Conclusions 
Noospheric building form helps to reduce substantially solar plant output capacity demand enhancing 
the efficiency of its use and reducing the cost of solar system for particular site. 
The developed integrated solar system structures make it possible to supply electric power, lighting 
and heat to noospheric buildings, they match the building shape and the style of its interior. 
Solar systems installed in noospheric building can be used in conditions corresponding to a higher 
irradiation class than the same systems installed in buildings constructed within conventional architecture 
concepts. The engineered solar installations insure power independence of noospheric buildings in rather 
tough climates in conditions of low irradiation. 
The next engineering stages are the implementation of natural materials having enhanced heat 
resistance, such as pressed straw, as the building external coating without substantial modification of the 
general structure erection technology and the development of secondary concentrator “leaves” control 
mechanism to open the aperture in accordance with Sun position.  
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